Species of bent-toed gecko (Cyrtodactylus) in Vietnam have been described at a rate of nearly four species per year since 2007 mostly based on morphological data. A tool that guides species delimitation will accelerate the rate of documentation, and at a time when the recognition of species greatly benefits conservation. We use DNA barcoding using COI (550 bp) to re-examine the levels of genetic divergence and taxonomic status of 21 described species of Vietnamese bent-toed geckos. Tree-based analyses resolve all sampled species and identify potential undescribed taxa. Kimura 2-parameter genetic distances between the described species average 21.0±4.2% and range from 4.3% to 28.7%. Further, our analyses discover two potentially new species from Vietnam, two from Laos and one from China. Herein we describe the new species Cyrtodactylus puhuensis sp. nov. from Vietnam on the basis of both genetics and morphology. Genetically, it differs from the remaining species by an average K2P distance of 24.0±1.8%. Morphologically, the new species is diagnosed by its medium-size (snout-vent length 79.24 mm and tail length 82.59 mm, for the single known individual), in having a series of moderately enlarged transverse subcaudals and a series of moderately enlarged femoral scales that extend from precloacal scales, in possessing femoral scales without pores, with males having five precloacal pores, and in exhibiting 8 supralabials, 10 infralabials, 23 narrow subdigital lamellae on its fourth toe, and 36 transverse ventrals.
Introduction
Recently, many new species of bent-toed geckos (Squamata: Gekkonidae: Cyrtodactylus) have been described from Vietnam. The descriptions have been based on newly explored localities, as opposed to analyses of variation in preexisting collections. Geographically, these discoveries extend northwards of southern Vietnam and these discoveries are likely to extend to areas southwest of the Red River.
The number of described species has increased rapidly since 2007 (Fig. 1) . The first two species of Vietnamese bent-toed geckos were reported and described in 1921, including C. condorensis (Smith) (as Gymnodactylus condorensis) from Con Dao Islands and C. irregularis (Smith) (as Gymnodactylus peguensis var. irregularis) from Langbian Plateau (Smith 1921a (Smith ,b, 1935 . Today, the latter species consists of a complex of cryptic species (Nazarov et al. 2008 (Nazarov et al. , 2012 Nguyen et al. 2013) . Progress was slow. In 2006, only five species of Cyrtodactylus were known from Vietnam. Most species have been described since 2007, at an average rate of nearly four new species per year. The latest descriptions result in the recognition of 32 species of bent-toed geckos in Vietnam (Fig. 2, Nguyen et al. 2013) .
The recent and rapidly increasing number of described species indicates the need for further exploration. An efficient tool may point to populations in need of further investigation. DNA barcoding using cytochrome c oxidase subunit I (COI, Mt-cox1) allows the estimation of biodiversity and species identity, among other applications (Clare et al. 2011; Hebert et al. 2003 Hebert et al. , 2004 Hebert et al. , 2009 Mabragana et al. 2011; Nagy et al. 2012) . COI may be more informative than the traditional 16S rRNA (Xia et al. 2012 ). Herein we use DNA barcoding with COI to reexamine the taxonomic status of known species of Vietnamese bent-toed geckos as well as to explore the status of newly collected specimens in the region. We use this gene, in part, because of its application in documenting genetic diversity through the Cold Code project, the global initiative to DNA barcode all species of amphibians and nonavian reptiles . Our investigation results in the description of a new species of Cyrtodactylus based on both genetics and morphology. 
Material and methods
Taxon sampling and laboratory methods. We collected tissues from 19 described species of Cyrtodactylus from their type localities in Vietnam, except for C. intermedius, which appears to be extirpated from its terra typica. Further, sequences of C. irregularis and C. kingsadai were taken from Nazarov et al. (2012) and Ziegler et al. (2013) , respectively. Hence, our analysis used 21 described species. To this, we added two undescribed species from Vietnam, two from Laos and one from China ( Fig. 2; Table 1 ). Tail, liver, and thigh muscle biopsies were taken from geckos, stored in 95% ethanol in the field and subsequently maintained frozen at -80°C. Some vouchers were fixed in 4% formalin for about 24 hr and then transferred to 70% ethanol while others were preserved directly in 70% ethanol. All vouchers were deposited in institutional collections (Table 1) . We used the Tokay gecko, Gekko gecko (Linnaeus) (GenBank accession no. AY282753, HM370130) as the outgroup taxon following Nazarov et al. (2012) . Figure 2 . NP = National Park, NR = Nature Reserve, ITBCZ = Institute of Tropical Biology Collection of Zoology, ROM = Royal Ontario Museum, VNMN = Viet Nam National Museum of Nature, KIZ = Kunming Institute of Zoology, ZISP = Zoological Institute of Saint Petersburg, PNKB = Phong Nha-Ke Bang. Information from samples of C. irregularis and C. kingsadai taken from Nazarov et al. (2012) and Ziegler et al. 2013, respectively . GenBank numbers with asterisk taken from Nguyen et al. (2013) . DNA extraction used the standard three-step phenol/trichloromethane protocol (Sambrook et al. 1989) . PCR for COI was performed in a 25 μl volume with the following procedures: 95°C for 4 min; 35 cycles of 94°C for 1 min, 46°C for 1 min, and 72°C for 1 min; and 72°C for 10 min. Primers for CPR and sequencing were Chmf4, 5'-TYT CWA CWA AYC AYA AAG AYA TCG G-3' and Chmr4, 5'-ACY TCR GGR TGR CCR AAR AAT CA-3' (Che et al. 2012) . PCR product was cleaned following the method of Hanke & Wink (1994) . The amplified DNA fragments were purified using the BigDye TM program in a GeneAmp PCR System 9700 (Applied Biosystems) and 75% isopropyl alcohol, and then sequenced in both directions using an ABI PRISM 3730 automated DNA sequencer (Applied Biosystems) following the manufacturer's protocol. Genealogical analysis and genetic distances. Sequences of COI were aligned by using ClustalW (Thompson et al. 1994 ) integrated into MEGA 4.1 (Tamura et al. 2007 ) while employing default parameters. We trimmed the ends of the aligned sequences to obtain fragments of equal length. All fragments were translated into amino acids to confirm the direction and preclude the possibility of premature stop codons in the sequences, which would indicate pseudogenes (Song et al. 2008) .
Matrilineal genealogies were constructed using both maximum parsimony (MP) and model-based methods. The best-fit models of sequence evolution selected by MrModeltest 2.3 (Nylander 2004 ) under the Akaike information criterion for the first, second, and third codon positions were SYM+I+G, GTR, and HKY+G, respectively. MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003) was used to perform Bayesian inference (BI) partitioned by codon positions using models selected above. Bayesian posterior probabilities (BPP), the frequencies of nodal resolution, were estimated using a MCMC sampling approach after running one million generations and the average standard deviations reached 0.008. The initial 25% of the samples were discarded as burnin. The remaining trees were combined and a 50% majority consensus tree was generated (Fig. 3) . The RAxML web server (Stamatakis et al. 2008 ) was used to search maximum likelihood (ML) trees using the gamma model of rate heterogeneity option. MP analyses were performed using TNT (Goloboff et al. 2008 ) with a heuristic search and random addition sequences followed by TBR branch-swapping. Bootstrap branch support values for MP were obtained based on 1000 pseudoreplicates. Nodes with bootstrap values of ≥70% for ML and MP, and BPP of ≥95% were considered as strongly supported (Felsenstein 2004; Hillis & Bull 1993) .
Uncorrected p-distances and the Kimura 2-parameter distance (K2P) model of base substitution (Kimura 1980 ) were used to determine genetic distances between and within species. Values were obtained using MEGA.
Morphology. The same suite of morphological characters used by Nguyen et al. (2013) were gathered. The following characters were measured to the nearest 0.01 mm using a digital caliper: snout-vent length; tail length; head length; head width; head height; orbital diameter; snout to eye distance; eye to ear distance; ear length; trunk length; forearm length; and crus length. Scales were counted as follows: transverse ventral scales at midbody; supralabials; infralabials; precloacal pores; enlarged femoral scales; femoral pores; number of basal and distal subdigital lamellae under fourth toe; and number of longitudinal dorsal rows of enlarged tubercles between ventrolateral folds.
Most comparisons to all other Indochinese congeners were based on voucher specimens in the herpetological collection of the Institute of Tropical Biology Collection of Zoology (ITBCZ, Vietnam Academy of Sciences and Technology), the Kunming Institute of Zoology, (KIZ, Chinese Academy of Sciences), Vinh University (Vietnam) , and the herpetological collection at Phong Nha-Ke Bang National Park (PNKB), Vietnam. Additional data were taken from published descriptions (e.g., Boulenger 1885; Heidrich et al. 2007; Nazarov et al. 2008; Ngo & Bauer 2008; Nguyen et al. 2006 Nguyen et al. , 2013 Smith 1935; Taylor 1963) .
Species concept. We employed the evolutionary species concept (Simpson 1961; Wiley & Lieberman 2011) , while using the phenetic species concept (Mayr 2001; Wiley & Lieberman 2011) as an operational criterion, to define the new species. The matrilineal genealogy was used to guide species delimitation assuming no nuclear gene flow occurred among highly diverged matrilines. When a lineage differed substantially from other congeneric members in both genetics and morphology, it was considered as a distinct species (Welton et al. 2010a,b) .
Results
Sequence variation. After trimming ends, COI had 550 aligned nucleotide positions for 69 ingroup and two outgroup individuals. There data contained 234 potentially parsimony-informative and five uninformative but variable characters. No gaps, missing data or premature stop codons occurred. All sequences were deposited in GenBank and the accession numbers are provided in Table 1 .
Genetic distances. For 22 described taxa, including Cyrtodactylus puhuensis sp. nov., K2P distances between species were quite high, averaging 21.0±4.2% and ranging from 4.3% (C. dati versus C. huynhi) to 28.7% (C. dati and C. huynhi versus C. intermedius) ( Table 2 ). Cyrtodactylus intermedius stood as the most distinctive species relative to the other taxa, with K2P distances averaging 25.9±1.8%. The K2P distance between Cyrtodactylus puhuensis sp. nov. and the other bent-toed geckos averaged 24.0±1.8%. Intraspecific K2P distances were low, averaging a mere 0.18%.
Matrilineal genealogy. The genealogies obtained from the three tree-building methods resolved all described species with high nodal support values. The trees differed only in their resolution of poorly supported inter-species internal nodes. The representative BI tree, shown as Fig. 3 , presents nodal support values for BI, ML, and MP, respectively. In the BI trees, Cyrtodactylus intermedius was the sister-group of all other taxa, although ML and MP analyses provided little support for this arrangement. In addition to described species, the tree resolved unknown lineages. Cyrtodactylus sp1 from Ba Na (site 6, Fig. 2 ) formed an independent lineage that was sister to C. cryptus. Nazarov et al. (2012) also found the lineage from Nui Chua National Park (site 13; C. sp2) to be distinctive, and considered it to be an undescribed species. This lineage occurs sympatrically with C. caovansungi but C. sp2 falls sister to C. cattienensis, as supported by BI and ML. The lone gecko from Pu Hu Nature Reverse (site 2) formed an independent lineage. In addition to Vietnamese species, the analyses also resolved as distinctive a gecko population from Xishuangbanna, China (site 1; C. sp3) and two lineages from Laos, two sympatric species from Na Hom village (site 3), C. sp4 and C. sp5.
One of the highly distinct lineages we discovered involved a single male gecko from Pù Hu Nature Reverse (site 2). Morphologically, the specimen unambiguously differs from all other species. Because taxonomic recognition is critical for conservation, we describe it as a new species.
Species description
Cyrtodactylus puhuensis sp. nov. Pù Hu bent-toed gecko (Figs. 3-6 Diagnosis. Medium sized, snout-vent length 79.24 mm; body moderately robust; tail 82.59 mm, longer than snout-vent length, with a series of medium enlarged transversal subcaudals; a series of medium enlarged femoral scales continue from precloacal scales; femoral scales without pores; males with five precloacal pores; supralabials 8; infralabials 10; narrow subdigital lamellae on fourth toe 23; ventral scales 36; and dorsal tubercles smooth or slightly keeled.
Description of holotype. In addition to diagnosis. Head relatively depressed, height 9.53 mm, width 15.00 mm (height/width ratio 0.64), distinct from neck; supralabials 8, continuous with a row of small scales extending to the corner of the mouth, first contacting nostril; infralabials 10; supra-and infralabials nearest to rostral and mental largest in size; rostral large, width 3.27 mm, height 2.40 mm, vertical sunken groove in middle, contacting nostril; two internasals contact each other; mental nearly triangular, posteriorly contacting two large postmentals that contact one another and first infralabials (Fig. 5C-E) ; gular scales much smaller than ventrals; head scales small, granular, with scattered tubercles in occipital and temporal areas; eye relatively large, 5.85 mm (eye/head width ratio 0.61), pupil vertical; supraciliary scales large, cover the eye anteriorly, superiorly, and posteriorly; ear opening oval, 1.90 mm, obliquely oriented, much smaller than eyes (ear/eye ratio 0.32); eye-nostril distance 7.00 mm, eyesnout distance 8.83 mm, eye-ear distance 6.27 mm, distance between eyes 8.06 mm, distance between nostrils 2.40 mm.
Body elongate, trunk length 35.73 mm, with weak ventral-lateral folds; dorsal scales small, granular, not homogeneous; dorsal and lateral tubercles round, smooth or slightly keeled, not in rows; dorsal tubercles between thighs and base of tail conical and keeled; ventral scales fairly large, smooth, and flattened, about 36 midbody transversal ventrals; dorsal surface of limbs with granular scales and slightly keeled conical tubercles; basal subdigital lamellae narrow and irregular, largest in joints of digits; subdigital lamellae well developed at distal phalanx, as broad as the digit. Subdigital lamellae under fourth finger 18 and toe 23; digits unwebbed; forearm length 13.40 mm, crus length 16.00 mm.
Precloacal scales large, flattened, and imbricate; about 8 large imbricate scales under a series of 8 precloacal scales arranged in Λ-shape that bears five precloacal scales with pores; a series of moderately enlarged femoral scales on each side of thigh extend from the eight precloacal scales (Fig. 5A) ; precloacal groove and femoral pores absent; tail round in cross-section, 82.59 mm in length, longer than snout-vent length; transversal subcaudals medium size, about a half size of tail width (Fig. 5B) ; dorsum of proximal tail with conical tubercles extending down to the base tail.
Color in life (Fig. 4) . Dorsal and lateral background of body chocolate-black; dorsum with faint and irregular pale-yellowish transverse bands; dorsal tubercles at the transverse bands yellow to white, others colored as background; flanks with yellow to white tubercles; head dark brown with yellowish pattern; eyelids yellow; eye brown, with black vertical pupil; nuchal band chocolate-black, interrupted at nape; upper surface of legs and digits dark brown with yellow to white bands or blotches; unregenerated tail with seven black and white to yellowish alternating rings; white rings much more narrow than black; lower surfaces of flanks and legs white.
Color in preservative (Fig. 6A, B) . In preservative, color slightly faded and pattern unchanged; body background black or dark brown, dorsal transverse bands white; dorsum and flanks with white tubercles.
DNA barcode: GenBank Accession No. KF929529.
Comparisons. The new species was compared to other congeners in Indochina by using the following morphological characters: precloacal pores, subcaudal scales, ventral scales, continuous medium enlarged femoral scales, dorsal tubercles, dorsal pattern, nuchal band, and number of digital lamellae under the 4 th toe. Cyrtodactylus puhuensis sp. nov. differs from Vietnamese congeners, from C. bidoupimontis Nazarov, Poyarkov, Orlov In addition, the new species differs from C. badenensis, C. cucphuongensis, C. eisenmanae, C. grismeri, and C. nigriocularis in having 5 precloacal pores (versus 0, or 0-2 in the last species); from C. huongsonensis and C. kingsadai by absence of femoral pores (versus 17 or 3-7 femoral pores on both thighs, respectively); and from C. caovansungi and C. bichnganae Ngo & Grismer 2010 by lacking femoral pores (versus 3, or 9 on each thigh, respectively) and having a less precloacal pores (5 versus 9 or 10, respectively).
Our examination of the type, paratype and additional specimens collected from the type locality (Appendix 1) showed C. chauquangensis Hoang, Orlov, Ananjeva, Johns, Hoang & Dau 2007 differed from the new species. First, C. chauquangensis has a uniform transversal butterfly-shaped pattern on dorsum (Fig. 7) while the new species shows faint, thin, and irregular dorsal bands. Second, femoral scale rows in C. chauquangensis are undeveloped; they are the same size as other femoral scales. The new species has series of moderately enlarged femoral scales (Fig. 5A) . Third, C. chauquangensis has 6-7 precloacal pores, except for topotype CQ526, which has 8 pores. In contrast, the new species has 5 pores only.
The new gecko differs from C. condorensis (Smith 1921a) by the distribution of precloacal pores (in a chevron versus 4-7 in two juxtaposed rows) and dorsal tubercles (smooth or slightly keeled versus subtrihedral) (Smith 1935; Ngo & Grismer 2012) ; from C. paradoxus (Darevsky & Szczerbak 1997) by having more and differently arranged precloacal pores (5 in chevron versus 0-4 in two juxtaposed rows) ; and from C. thochuensis Ngo & Grismer 2012 by the chevron arrangement of its precloacal pores (versus in two juxtaposed rows), smooth or slightly keeled dorsal tubercles (versus strongly keeled), normal sized scales on heel (versus enlarged), and having the dorsal caudal tubercles extending to the base of the tail only (versus to about 1/3 the length of the tail).
Cyrtodactylus puhuensis sp. nov. differs from C. hontreensis Ngo, Grismer & Grismer 2008, C. intermedius (Smith 1917 (Smith , 1935 , and C. phuquocensis Ngo, Grismer & Grismer 2010 in having faint, irregular pale yellowish dorsal bands. In contrast, C. hontreensis has 3 broad bands between limbs and C. intermedius and C. phuquocensis have 4. The new species also differs in its absence of nuchal band, which is always present in the other species, and in having 5 precloacal pores versus 7-8 in C. hontreensis, 8-10 in C. intermedius and 6-8 in C. phuquocensis.
The new species differs from C. The new species also differs from C. ayeyarwadyensis, C, brevidactylus, and C. gansi in having few precloacal pores (versus 10-28, 8, and 16-29, respectively) ; from C. gansi in lacking a shallow precloacal groove in males; and from C. tamaiensis in lacking femoral pores (versus 40 precloacal-femoral pores in an almost continuous series, Mahony 2009 ). From C. pulchellus Gray and C. rubidus (Blyth 1861) the new species differs in lacking a precloacal groove (Smith 1935; Taylor 1963) .
Cyrtodactylus puhuensis sp. nov. differs from C. aequalis (Bauer 2003) , and having a dorsal pattern of faint and irregular pale yellowish bands (versus four dark cross-bars, Smith 1935); from C. oldhami (Theoblad 1876), in having more precloacal pores (5 versus 0-4), absence of a nuchal band, and a having a dorsal pattern of faint and irregular pale yellowish bands versus white spots) (Smith 1935) ; from C. peguensis (Boulenger 1893) , in having smaller number of precloacal pores (5 versus 7-9) and continuous series of precloacal-femoral scales (Smith 1935; Taylor 1963) ; from C. russelli Bauer 2003 and C. slowinskii Bauer 2003, in having less precloacal pores (5 versus 15 and 9, respectively) and lacking femoral pores (versus 16-19 and 11 pores on each thigh, respectively); and from C. variegatus (Blyth 1859) , in having more ventral scales (36 versus 22) and lacking femoral pores (versus 32 continuous precloacal-femoral pores (Smith 1935) .
For Thai congeners, Cyrtodactylus puhuensis sp. nov. differs from C. quadrivirgatus Taylor 1962 and C. angularis (Smith 1921b) , in having moderately enlarged subcaudal scales (versus small; Smith 1935; Taylor 1963) . The new gecko differs from C. phuketensis Sumontha, Pauwels, Kunya, Nitikul, Samphanthamit & Grismer 2012 . Other Thai species, including C. interdigitalis, C. intermedius, C. jarujini, C. oldhami, C. peguensis, C. pulchellus, and C. variegatus, were compared to the new species as above.
Two described congeners occur in Cambodia: C. intermedius Smith 1935) and C. pseudoquadrivirgatus (Stuart et al. 2010) . Cyrtodactylus bugiamapensis should occur in Cambodia because its habitat extends continuously from the type locality to the border between Vietnam and Cambodia (see also Nazarov et al. 2012) . These three species were compared above to the new species.
Etymology. The specific epithet puhuensis refers to the type locality, Pù Hu Nature Reserve, where the new species was discovered.
Distribution and Habitat. Cyrtodactylus puhuensis sp. nov. is known only from the Pù Hu Nature Reserve, in northwestern Thanh Hóa Province, northern Vietnam (Fig. 2) . The single known specimen of this new gecko was found at night on a large tree (diameter about 1.5 m), at about 2.5 m above the forest floor. The habitat was evergreen forest intermixed with bamboo. Limestone was not observed in the area and the recorded elevation was 638 m.
Discussion
This work includes 22 of 33 described species (66.7%) of Cyrtodactylus in Vietnam, including our new species. At least two additional undescribed taxa occur in Vietnam, as do two in Laos, and one in China. DNA barcoding using COI efficiently guided species delimitation and discovery of new lineages. Most of the Vietnamese bent-toed geckos, except for C. bugiamapesis, C. bidoupimontis, C. kingsadai, and C. roesleri, have been described solely on the basis of morphological data. We suggest morphologists obtain tissue samples for DNA barcoding before describing new species, which may be done at no cost to the researcher via Cold Code ; the tissue samples can be used for other sequencing initiatives.
Our initiative also points to areas requiring further investigation. A Luoi (site 5) is the terra typica of C. pseudoquadrivirgatus. Our Cyrtodactylus sp1 is from Ba Na (site 6), the locality of a paratype of C. pseudoquadrivirgatus (Rosler et al. 2008) . However, the genetic distance and genealogy indicate that the gecko from Ba Na not only differs from geckos in A Luoi but rather shares a sister lineage relationship with C. cryptus. The K2P distances between C. sp1 and C. cryptus and C. pseudoquadrivirgatus are 10.1% and 16.3%, respectively. The matrilineal genealogy resolves C. sp1 as a sister taxon to C. cryptus. Hence, more sampling and further molecular analyses are necessary to clarify the taxonomy and phylogenetic position of geckos from Ba Na. Current investigations focus on some of the other discovered lineages. Cyrtodactylus sp2 from Nui Chua (site 13) is sympatric with C. caovansungi, but it is the sister taxon of C. cattienensis. Nazarov et al. (2012) consider this lineage to be a new species but nuclear gene data are necessary to investigate the possibility of an introgressed mitochondrial genome.
Ngo (2013) recently described Cyrtodactylus dati based on morphological data. This species is the sister group of C. huynhi and the K2P distance between these two species is only 4.3%. Considering that the average K2P between described species is 21.0±4.2%, more geographic sampling and further morphological and molecular analyses are necessary to confirm the taxonomic status these two geckos.
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